Abstract: Chronic hepatitis C (CHC) disproportionately affects racial minorities in the United States (US). Although prior studies have reported lower treatment rates in Blacks than in Caucasians, the rates of other minorities remain understudied. We aimed to examine antiviral treatment rates by race and to evaluate the effect of other demographic, medical, and psychiatric factors on treatment rates. We performed a population-based study of adult CHC patients identified via ICD-9CM query from OptumInsight's Data Mart from January 2009 to December 2013. Antiviral treatment was defined by pharmaceutical claims for interferon and/or pegylated-interferon. A total of 73,665 insured patients were included: 51,282 Caucasians, 10,493 Blacks, 8679 Hispanics, and 3211 Asians. Caucasians had the highest treatment rate (10.7%) followed by Blacks (8.8%), Hispanics (8.8%), and Asians (7.9%, P < .001). Hispanics had the highest cirrhosis rates compared with Caucasians, Blacks, and Asians (20.7% vs 18.3%, 17.1%, and 14.3%, respectively). Caucasians were the most likely to have a psychiatric comorbidity (20.1%) and Blacks the most likely to have a medical comorbidity (44%). Asians were the least likely to have a psychiatric (6.4%) or medical comorbidity (26.9%). On multivariate analysis, racial minority was a significant predictor of nontreatment with odds ratios of 0.82 [confidence interval (CI): 0.74-0.90] for Blacks, 0.87 (CI: 0.78-0.96) for Hispanics, and 0.73 (CI: 0.62-0.86) for Asians versus Caucasians. Racial minorities had lower treatment rates than Caucasians. Despite fewer medical and psychiatric comorbidities and higher incomes and educational levels, Asians had the lowest treatment rates. Hispanics also had lower treatment rates than Caucasians despite having higher rates of cirrhosis. Future studies should aim to identify underlying racial-related barriers to hepatitis C virus treatment besides socioeconomic status and medical or psychiatric comorbidities. 
INTRODUCTION
C hronic hepatitis C (CHC) affects 170 million individuals worldwide and approximately 3.2 million individuals in the United States. 1, 2 In the US, although the majority of CHCinfected are Caucasians, racial minorities are disproportionately affected. According to the National Health and Nutrition Examination Survey, the prevalence of CHC in Hispanics and Blacks doubles that of Caucasians (2.1% in Hispanics and 3.2% in Blacks vs 1.5% in Caucasians). 2 In Asians, community-based studies estimate the prevalence to range from 3% to 6% mirroring prevalence from birth countries. [3] [4] [5] [6] [7] Race also influences the disease course of CHC with higher rates of cirrhosis in Hispanics that has been attributed to an earlier age of infection and higher rates of nonalcoholic fatty liver disease (NAFLD). 8 In contrast, Blacks have a much lower rate of cirrhosis but have higher mortality rates and complications after developing cirrhosis. 9 Race also influences nearly all aspects of CHC management including treatment outcomes and access to care and prior studies have suggested that it is poorer for racial minorities. 10 For much of the 21st century, the standard of care for CHC was dual therapy with pegylated-interferon (PEG-IFN) and ribavirin (RBV). Compared with Caucasians, Blacks have lower sustained virologic response (SVR) rates to dual therapy, due in part to unfavorable single nucleotide polymorphisms near the IL-28B gene. 11, 12 There are also differences in treatment response in Hispanics and Asians. [13] [14] [15] Fortunately, the addition of second-generation protease inhibitors (PIs) and PEG-IFN free regimens have minimized these differences with SVR rates over 90% for patients infected with hepatitis C virus (HCV) genotype 1, regardless of race. [16] [17] [18] [19] [20] As we develop more efficacious antiviral treatments, it becomes more important to study treatment rates and barriers to Editor: Stevan Gonzalez.treatment initiation. In a large Veteran's affair (VA) cohort, Cheung et al 21 reported similar treatment rates in Hispanics than in Caucasians despite higher eligibility rates in the Hispanic cohort. Rousseau et al 22 also reported that Blacks were less likely than Caucasians to have appropriate testing, follow-up, and treatment after diagnosis with CHC.
However, reasons for low rates of treatments among CHCinfected minorities and especially in Hispanic and Asian populations are not well studied. Therefore, we conducted a retrospective population-based study of 73,665 patients with CHC from a large national insurance claims database. Our aims were to examine treatment rates of CHC by race and to determine the influence of other demographic characteristics as well as medical and psychiatric comorbidities on treatment rates.
METHODS

Study Population and Data Source
We collected patient information from Optum's Clinformatics Data Mart, a commercially available database of administrative claims submitted for payment by providers and pharmacies. This database includes demographics and medical, lab work, and prescription claims of patients from all 50 states.
Patients were selected on the basis of a diagnosis of hepatitis C infection made by the International Classification of Disease, Ninth Revision (ICD-9CM) coding (070.44, 070.54, 070.70, 070.71, 070.41, and 070.51) from January 2009 to December 2013. The index date was the first date of IFN-prescription for those treated or the earliest date of a medical claim if the patient did not receive treatment. Patients were excluded if their race was not specified or if age was <18 years at index date. Ethical review by an institutional review board was not necessary, as the database contained only deidentified patient information.
Sociodemographic Characteristics
The following socioeconomic data were collected: year of birth, race and ethnicity (Caucasian, Black, Hispanic, or Asian), gender, geographic state of insurance policy, household income, education level, and insurance type (Medicaid or private). US geographic regions (West, Midwest, South, or Northeast) were defined on the basis of designations by the United States Census Bureau. 23 Race was self-reported or derived on the basis of patient name.
Medical and Psychiatric Comorbidities
Rates of medical and psychiatric comorbidities were also assessed by ICD-9CM code. These included autoimmune hepatitis, alcoholic liver disease, NAFLD, mixed cryologlobulinemia, hepatocellular carcinoma (HCC), liver, renal, heart, and/or lung transplantation, cardiac arrhythmias, coronary artery disease, congestive heart failure, chronic obstructive lung disease, human immunodeficiency virus (HIV), cerebrovascular disease, type 2 diabetes, chronic kidney disease, cancer, peripheral vascular disease, seizure disorder, bipolar or major depressive disorder, schizophrenia, substance abuse, and cirrhosis. Cirrhosis was defined by ICD-9CM codes (571.2, 571.5, and 571.6) or by ICD-9CM diagnosis of portal hypertension (including portal hypertensive gastropathy and hepatopulmonary syndrome), esophageal varices, ascites, spontaneous bacterial peritonitis, endstage liver disease, or hepatic encephalopathy. Where applicable, ICD-9CM codes were selected on the basis of those from the Charlson-Deyo Comorbidity Index. 24 
HCV Treatment Prescription and Treatment Persistency
Anti-HCV prescription rates were calculated from pharmaceutical claims for any IFN or PEG-IFN containing regimen. Prescriptions of RBV and first-generation PIs (telaprevir and boceprevir) were also collected. Patients receiving RBV, telaprevir, and/or boceprevir without IFN or PEG-IFN were not counted toward as having received antiviral treatment.
Treatment persistency, defined as the act of continuing the treatment for a prescribed duration, was calculated by length of IFN or PEG-IFN therapy from the first day covered by an IFN or PEG-IFN prescription until the last day covered by the final prescription. 25 A grace period of 30 days was allotted with time gaps between prescription coverage days. Only the first treatment course was considered for patients who received multiple treatment courses during the study period. As HCV genotype data were not available for the majority of patients, we analyzed treatment persistency up to 24 weeks, which is the shorter duration of treatment for the easier-to-treat HCV genotypes 2/3 for dual therapy.
Data Analysis
Baseline demographic and medical characteristics were reported as mean and standard deviation for continuous variables and percentages for categorical variables. The x 2 test and Mann-Whitney U test were used to compare categorical and nonparametric continuous variables, respectively. To assess factors that may influence anti-HCV treatment practices, univariate and multivariate regression analyses were performed. A 2-tailed P value of 0.05 was considered statistically significant. The Kaplan-Meier method was used to illustrate treatment persistence. Comparison of separate time-to-event analyses was done using the log-rank test. All analyses were performed using STATA version 13.0 (STATA Corporation, College Station, TX).
RESULTS
Demographics and Treatment Rates
A total of 77,731 patients with CHC were queried with demographic, medical, and prescription data for review. Patients younger than 18 years (n ¼ 740), with unknown race (n ¼ 3193), and without any medical history or pharmaceutical data (n ¼ 133) were excluded. Our final cohort consisted of 51,282 Caucasians, 10,493 Blacks, 8679 Hispanics, and 3211 Asians who were included in the primary analysis ( Table 1) . The majority of patients were male (60.8%) with a mean age of 49.9 years. Hispanics and Asians were younger than Caucasians and Blacks (mean ages: 47.5 for Hispanics, 47.2 for Asians, 50.2 for Caucasians and 51.1 yrs for Blacks, P < 0.001). The proportion of patients with an educational level at least at a bachelor's degree was highest in Asians (27.9%) followed by Caucasians (14.3%), Hispanics (7.4%), and Blacks (3.7%, P < 0.001). Similarly, proportions of household incomes over 100,000 USD were higher in Asians (45%) and Caucasians (36%) and lower in Hispanics (20%) and Blacks (15%, P < 0.001). Geographically, the majority of our patients were from Southern states (51.7%), and 17.8% were from the West coast and Southwest, 18% were from the Midwest, and 12.1% were from the East coast. Hispanics were more likely to have Medicaid insurance (9.2%) than other racial groups (4.8% for Caucasians, 4.5% for Blacks, 5.8% for Asians, P < 0.001). (Figure 1 ). Caucasians had the highest treatment rates (10.7%) followed by Blacks and Hispanics (8.8%). Asians had the lowest treatment rates (7.9%, P < 0.001). When stratified by gender and race, a significantly lower proportion of Asian females (6.9%) were prescribed antiviral treatment than any other gender and racial group (Figure 2 ).
Concurrent Liver-Related Diseases and Characteristics by Race
HCV genotype data were available for 3361 of 73,665 (4.6%) patients, and of them, approximately 95% had HCV genotype 1 infection, 2.8% had genotype 2, and 0.1% had genotype 6 (Table 2) . On subanalysis, 819 of 3361 (24.3%) patients received antiviral treatment (data described only). A significant proportion of patients had liver-related comorbidities, including NAFLD (13.6%) and alcoholic liver disease (5.7%). Hispanics were also most likely to have NAFLD (17.3%) and alcoholic liver disease (7.2%).
The overall rate of cirrhosis was 18.3% with the highest proportion in Hispanics (20.7%) and the lowest in Asians (14.3%). Cirrhosis rates were intermediate in Caucasians (18.3%) and Blacks (17.1%, P < 0.001). Rates of HCC were highest in Asians (4.7%) compared with Hispanics (2.5%), Caucasians (2.3%), and Blacks (1.8%, P < 0.001).
Medical and Psychiatric Comorbidities by Race
Prevalence of individual medical and psychiatric comorbidities is listed in Table 3 and analyzed by race. Blacks were most likely to have a listed medical comorbidity (44%) followed by Caucasians and Hispanics ($37%), and Asians were least likely to have a comorbidity (26.9%, P < 0.001). Caucasians were more likely to have a psychiatric disorder (20.1%) than Blacks (14.3%), Hispanics (17%), and Asians (6.4%, p < .001).
Multivariate Logistic Regression Model for Treatment Prescription
In a multivariate logistic regression model, significant predictors of nontreatment were female gender [odds ratio (OR) ¼ 0.91, confidence interval (CI): 0.86-0.97, P ¼ 0.003], Table 4) . On univariate analysis, a history of major psychiatric disorder was a weak predictor of nontreatment and was not a significant predictor on multivariate analysis (OR ¼ 1, CI: 0.97-1.1, P ¼ 0.27). A higher education level (OR ¼ 1.02, CI: 0.97-1.07, P ¼ 0.39) was also not predictive of treatment prescription on univariate analysis and was not included in the multivariate model. Significant predictors of receiving antiviral treatment were private insurance versus Medicaid (OR ¼ 55.6, CI: 20.8-148, P < 0.001), cirrhosis (OR 2.2, CI: 2.1-2.4, P < 0.001), geographic residence in the Midwest (OR ¼ 1.2, CI: 1.1-1.3, P < 0.001) or South (OR ¼ 1.3, CI: 1.1-1.4, P < 0.001) versus West, and a household income of <50,000 USD vs > 100,000 USD (OR ¼ 1.1, CI: 1-1.2, P ¼ 0.03).
Treatment Persistency by Race
At 12 weeks of therapy, the overall persistency rate was 68%. Rates were highest in Asians and Caucasians, and lowest in Blacks (Caucasians ¼ 69.2%, Black ¼ 64%, Hispanic ¼ 66.7%, Asian at 69.2%) (Figure 3) . At 24 weeks, nearly two-thirds of patients dropped out of treatment and only 41.3% remained persistent. Drop-out rates at this time point were also highest in Blacks and Hispanics compared with Caucasians and Asians resulting in a persistency rate of only 35.3% in Blacks, 41.4% in Hispanics, 42.2% in Caucasians, and 44.4% in Asians.
DISCUSSION
In this large US cohort of insured patients with CHC, we found that only 10.1% (7430 of 73,665) were prescribed antiviral therapy during the 5-year study period and racial minorities were independently associated with not receiving treatment even after adjusting for socioeconomic status and medical and psychiatric comorbidities.
Our treatment prescription rate is consistent with other population-based studies from VA databases and suggests treatment underutilization in the US. Several factors may contribute to lower treatment rates. Kramer et al, 26 who reported treatment rates at 11.6%, noted that 40% of patients did not receive appropriate testing including HCV genotype testing. In our study, we had limited access to HCV genotype data. However, the treatment rate for patients with available HCV genotype data was still low at 819 of 3361 (24.4%), though significantly higher than the overall treatment rate of 10.1%. In addition, it is likely that the absence of HCV genotype testing is due to the lack of anti-HCV therapy intention. Our findings are divergent from those of another US population-based study conducted by Shatin et al, 27 who reported a higher treatment rate of 30.3% in 3259 patients with CHC. Underlying differences in our methodologies and timing may play a role, as Shatin et al 27 examined patient claims from 1997 to 1999, which was a period of transition from IFN monotherapy to dual therapy with RBV. The higher efficacy of dual therapy at that time may have persuaded many providers to treat patients as a result.
Other major barriers to treatment include medical or psychiatric contraindication to HCV therapy and patient-FIGURE 2. Treatment rates across the study period as stratified by ethnicity and gender. In both genders, Caucasians had the highest treatment rates and Asians had the lowest (P ¼ 0.001). Caucasian males had the highest treatment rates (11.3%), whereas Asian females had the lowest treatment rates (6.9%). provider reluctance to initiate treatment given adverse effects. Although we were not able to directly measure the effects of these barriers, it is likely that these barriers contributed to the persistently low rate of treatment even as the more efficacious triple therapy (PEG-IFN, RBV, and telaprevir or boceprevir) was introduced in May 2011 (Figure 1 ). For those who initiated triple therapy, SVR rates in real-life practice have turned out to be much lower than the reported rates from clinical trials at (50% vs 70%). 28 We also found significant disparities with lower treatment rates in racial minorities. Compared with Caucasians, the odds of treatment in Blacks, Hispanics, and Asians were 19%, 13%, and 27% lower, respectively, on multivariate analysis. Racial minority status remained an independent predictor of nontreatment even after controlling for socioeconomic factors and medical and psychiatric comorbidities. Butt et al 29 also reported lower treatment rates in Blacks and Hispanics than in Caucasians, and Melia et al 30 found that Blacks may also have higher treatment ineligibility rates due to comorbidities including uncontrolled diabetes, chronic kidney disease, and cytopenias. In our study, we did find Blacks to have higher rates of medical comorbidities, however, even after adjusting for these factors, suggesting that there is race-related factor affecting treatment rate beyond socioeconomic and comorbidity factors. Blacks also had the highest dropout rates while on HCV therapy, with only 35.3% remaining persistent on therapy at 24 weeks, perhaps owing to higher baseline medical comorbidity rates at presentation.
In contrast, Asians, despite a more favorable socioeconomic and medical/psychiatric profile and highest HCC rates, had the lowest treatment rates. Asian American females in particular had the lowest treatment rates of any racial/gender group with treatment rates nearly 40% lower than Caucasian males and 30% lower than Caucasian females (Figure 2 ). Prior studies of not only CHC populations but also more broadly of Asian populations with chronic diseases have reported that Asians were less likely than other races to see a physician for chronic illnesses. 31, 32 Poor linkage to care for CHC in Asians may mirror that for chronic hepatitis B, a much more appreciated disease in this population.
Finally, Hispanics had lower treatment rates than Caucasians but similar to Blacks. Socioeconomic factors may play a role, as Hispanics had lower household incomes and the highest proportion of Medicaid insurance (9.2%). Cheung et al 21 noted in a large VA population that despite higher treatment eligibility rates in Hispanics than Caucasians, treatment rates were comparable and hypothesized that socioeconomic status and higher concurrent rates of alcohol abuse may have played a role. Similarly, we found Hispanics to have the highest rates of alcoholic liver disease compared with other racial groups. In addition, Hispanics also had the highest rates of cirrhosis (a strong independent predictor of HCV treatment), perhaps owing to a higher prevalence of NAFLD and alcoholic liver disease, but again despite of this, Hispanics had a lower observed HCV treatment rate.
Our study is limited by its retrospective design and had weaknesses inherent to its use of insurance claims data with lack of detailed clinical and laboratory information. We also did not have comprehensive access to laboratory data and were unable to ascertain HCV genotype, HCV RNA levels, or liver tests such as alanine transferase or aspartate transferase enzyme levels in many of our patients. As we did not have HCV RNA levels for most patients, we were unable to exclude the proportion of patients without active HCV viremia, a population who would not need anti-HCV therapy, leading to potential underestimation of treatment. However, considering that approximately 80% of individuals with exposure to HCV infection (anti-HCV antibody positive) will remain viremic, 33 our treatment rates would only increase from 10.1% to 12.5%: an absolute increase of 2.4%. There is also some level of ascertainment bias with psychiatric and medical comorbidity rates; as with any study based on insurance claims, we relied on providers' accuracy in recording and reporting ICD-9CM codes. The receipt of a prescription claim also does not necessarily mean that the patient consumed the medication; however, approximately 85% of patients had more than 1 prescription for IFN or PEG-IFN suggesting that most patients who were prescribed therapy did consume some quantity of it. Our results may be better interpreted in terms of odds and risk estimates instead of absolute values for this reason. Nevertheless, the above biases were likely to lead to an overestimation of true treatment rate and treatment persistency.
In summary, HCV treatment is underutilized even in a large population of insured patients with a treatment rate of only 10.1%. We found significant racial disparities with minorities being associated with lower treatment rates, and race remained an independent predictor even after adjusting for socioeconomic status, other demographic factors, and medical/psychiatric comorbidities. Specifically Hispanics, despite having fewer psychiatric comorbidities and higher rates of cirrhosis than Caucasians, had lower treatment rates. Asians also had lower treatment rates despite higher income and educational levels and lower psychiatric and medical comorbidities. Black patients also had the lower treatment rate and the lowest treatment persistency rate for those few patients who were started on therapy. Future studies should aim to identify underlying racial and ethnic barriers to antiviral treatment besides socioeconomic status and medical/psychiatric comorbidities and further educational, clinical, and research efforts are needed to optimize CHC treatment rates. Such barriers are even more relevant with the introduction of efficacious and well-tolerated antiviral acting agents that should eliminate most barriers related to comorbidities, thus making the remaining socioeconomic and racial factors even more prominent.
